INTRODUCTION
The Antipodes Islands (49°41'S,178°48'E) he 730 km south-east of the South Island of New Zealand (Fig 1) The total land area of the islands is about 2100 ha, with Antipodes Island the largest at 2025 ha Bollons Island, 1 5 km to the north-east, is about 50 ha, while Archway, Leeward and the Inner and Outer Windward Islands are all around 5 ha Several islets and stacks he off the mam island The coast of the main island features steep encircling cliffs with a few rocky platforms and boulder beaches Inland, broad plateaux ranging from 100 to 300 m extend across the island with several conical peaks rising from them, of which Mts Galloway (366 m) and Waterhouse (361 m) are the highest
The Antipodes Islands are of volcanic origin, and rocks from the islands have been dated at 0 5 Myr (Adams 1981) The Auckland and Campbell Islands to the west are also largely volcanic but are composed of older rocks (12-25 and 6 5-11 Myr respectively) (Adams 1981) The Bounty Islands, the closest neighbouring islands 220 km to the north, in contrast, aie composed of early Jurassic granite (Higham 1991) Deposits of peat up to 5 m thick blanket most of Antipodes Island (Higham 1991) The vegetation is mainly rolling tussock grassland with scattered areas of shrubland, fernland, herbfield, bog and swamp The islands are important breeding grounds for several land and possible. These specimens and the residue of samples (stored in 70% ethanol) are held in the Entomology Research Museum, Lincoln University, unless otherwise noted. All Phthiraptera have been deposited with R. L. Palma (Museum of New Zealand, Wellington) and all Siphonaptera with R. L. C. Pilgrim (University of Canterbury, Christchurch). A sample of the Hymenoptera has been retained by J.W. Early (Auckland Museum, Auckland). Data on the beetle fauna were based on collection records from the 1995 expedition, specimen records from the Entomology Research Museum, Lincoln University (LUNZ), New Zealand Arthropod Collection, Auckland (NZAC), Museum of New Zealand, Wellington (MONZ), Canterbury Museum, Christchurch (CMNZ), The Natural History Museum, London (BMNH) and the private collection of B. I. P. Barratt, Dunedin, and from published records. Comments on habitat are based on specimen records from the 1995 expedition unless otherwise noted.
The subantarctic islands of the New Zealand subregion in this paper includes the Antipodes, Auckland, Bounty, Campbell and Snares Islands and the Australian-administered Macquarie Island.
RESULTS
The beetle fauna A total of 25 species is recorded from the islands, of which 15 are new records and seven are new to science. The new species are: Loxomerus n. sp., Leptusa n. sp. 1, Leptusa n. sp. 2, 'Stenomalium' n. sp., Orchesia sp. nr rennelli, Antarcticodomus n. sp. Johns (1974) noted the ability of adults and larvae of this species to live under seawater, and thus the possibility of their transoceanic dispersal The adult is illustrated (as Kenodactylus capito Broun) in Darlington (1964) and the larva in Johns (1974) Loxomerus new species First record New record Origin Endemic Comments Adults and larvae were collected from Bollons Island from under tussock mats and rocks P M Johns (pers comm 1999) collected the remains of dead specimens from one site on the North Plains, Antipodes Island No live specimens have been collected from Antipodes Island Loxomerus n sp is very similar to Loxomerus brevis (Blanchard) from the Auckland Islands The Antipodes Islands species differs most obviously in its brown colouration and has more parallel-sided elytra with more deeply impressed striae, a more constricted pronotal base, and a smoother dorsal surface to the head Johns (1974) commented that Antipodes Island specimens were confined to low stony areas associated with penguin colonies or seal haul-outs The adult is illustrated (as Oopterus tarsahs (Broun)) in Darlington (1964) Ordish (1984) recorded M. campbellensis from among littoral debris and bird nesting material on Campbell Island and from porous rock on the Antipodes Islands. The adult is illustrated in Gressitt and Samuelson (1964a) and the larva is illustrated in Samuelson (1964) . Gressitt and Samuelson (1964b) . Gressitt and Samuelson (1964a) .
HYDROPHILIDAE

PTILIIDAE
Ptinella atrata
MELANDRYIDAE
TENEBRIONIDAE
Pseudhelops antipodensis Watt, 1992
First record: Watt 1971 Origin: Endemic Comments: Known only from the type series (nine specimens), three specimens collected in 1995 from a rock outcrop in the Central Plateau on Antipodes Island and the dead remains of one specimen found under rock slivers on a rock outcrop on the North Plains near Stella Bay. The adult is illustrated (as Pseudhelops tuberculatus antipodensis) in Watt (1971).
Pseudhelops clandestinus Watt, 1992
First record: Watt 1971 Origin: Endemic Comments: On Antipodes Island, P. clandestinus is known only from the type series (three specimens), five specimens collected in 1995 from a rock outcrop in the Central Plateau and the dead remains of 15 specimens from a rock outcrop on the North Plains near Stella Bay. On Bollons Island, by contrast, this species was found commonly under rocks and among tussock bases. 
SALPINGIDAE
Antarcticodomus fallai
CURCULIONIDAE
Gromilus insularis antipodarum Kuschel, 1964
First record Kuschel 1964 Origin Endemic Comments Found in tussock-grassland litter on Antipodes and Bollons Islands Kuschel (1971) recorded G insularis subspecies from the Auckland (G i insularis Blanchard) and Campbell (G i robustus (Brookes)) Islands May (1971) described the larva and pupa of this species and discusses features of the subspecies The larvae are found among roots (May 1971) The insect and arachnid fauna An annotated checklist of the insect and arachnid fauna from the Antipodes Islands is given in the Appendix A total of 150 insects and 20 arachnids (three Pseudoscorpiomdea, 16 Araneae and one Acanna) is recorded from the islands Seven of the insect species are new to science and 25 species are new records Two new bird hosts of ectoparasitic insect species are recorded for New Zealand and two are recorded for the Antipodes Islands Twenty insect species are recorded as endemic to the Antipodes Islands Two arachnid species are new to science and six are new records from the islands Two arachnid species are endemic to the Antipodes Islands One noteworthy discovery during the 1995 expedition was a weta species on Bollons Island Two of the Bollons Island team (Angus Mclntosh and Alan Tennyson) independently found, but were unable to collect, three specimens of what appears to be a species of cave weta (Rhaphidophondae) The specimens were described as 'grasshopper like' with long hind legs and relatively long antennae Body lengths were estimated to be about 10 mm There are no previous records of weta from the Antipodes Islands Endemic genera of cave weta are present on each of the other New Zealand subantarctic island groups except Macquane Island so a species on the Antipodes Islands is not unexpected
Other groups of terrestrial arthropods that occur on the Antipodes Islands but are not listed here are Chilopoda, non-ixodid Acanna, Isopoda, Amphipoda and Collembola Major taxonomic revisions are required for some groups, such as the Acanna and Collembola, to make identifications possible. Inclusion of these groups would extend the checklist significantly.
DISCUSSION
Composition of the beetle fauna
The diversity and origin of the fauna is summarised in Table 1 . A total of 25 beetle species, from 21 genera from 13 families, is recorded from the islands. By comparison, the Auckland Islands have 57 species from 17' families, the Bounty Islands nine species from seven families, Campbell Island 40 species from 15 families, Macquarie Island eight species from two families, and the Snares Islands 25 species from 14 families (Greenslade 1990; Klimaszewski and Watt 1997; J. W. M. Marris, unpubl. data; Williams 1982; Young 1995) . Emberson (1998) recorded 286 species in 45 families from the much larger and more northerly Chatham Islands.
Nine beetle species (36%) are endemic to the Antipodes Islands, 14 species (56%) are indigenous and one species, the cosmopolitan stored products pest Ptinus tectus, is introduced. Atheta sp. is of unknown origin and distribution. The high level of endemism is surprising given the islands' geological youth. By comparison, 36% of the beetles from Campbell Island, 44% for the Bounty Islands and none from Macquarie Island are endemic (Greenslade 1990; Gressitt 1964; J. W. M. Marris, unpubl. data) . No figures are available for the Auckland Islands' beetle fauna as a whole, however, Kuschel (1971) Most diverse, at family-group level, is Staphylinidae with nine species, followed by Carabidae with three species, and Tenebrionidae and Salpingidae with two species each. Only one species of Curculionidae (Gromilus insularis antipodarum) is known from the Antipodes Islands, whereas this family is strongly represented on the Auckland (25 species), Campbell (14) and Snares (9) Islands (Kuschel 1971) . The absence of weevils from Bounty Islands is to be expected, given the absence of vascular plants there and the almost exclusively phytophagous habit of this family.
Seven beetle families, known from the subantarctic islands of the New Zealand subregion (Klimaszewski and Watt 1997; Greenslade 1990 ; J. W. M. Marris, unpubl. data), are not known from the Antipodes Islands. They are: Anthribidae, Byrrhidae, Zopheridae (formerly recorded as Colydiidae), Latridiidae, Leiodidae, Mycetophagidae and Scarabaeidae (Snares Islands only). The absence of Byrrhidae is surprising given that species of Epichorius occur on all but the Bounty Islands (Watt 1971). Conversely, the Antipodes Islands are the only islands where the family Cerambycidae (Ptinosoma n. sp.) has been recorded. 
Biogeographical affinities of the beetle fauna
The Antipodes Islands beetles, when examined at generic level, are clearly allied to the New Zealand subregion, with minor Australian and Southern Hemisphere links (e g , Kenodactylus and Meropathus) When examined at the species level, however, the fauna is strongly allied with that of the subantarctic islands of the New Zealand subregion, particularly Campbell Island (sharing ten species) and the Auckland Islands (seven species) ( Table 2 ) Only one species, the widespread staphyhnid Omaliomimus venator, is shared with the much more distant Macquane Island, which has a limited beetle fauna Only two species {Tormissus guamcola and Antarctwodomus n sp) are shared with the Antipodes Islands' nearest neighbour, the Bounty Islands, reflecting the depauperate nature of the Bounty Islands' beetle fauna These two species, however, are endemic to these two island groups Affinities with the Snares Islands (two species) and the New Zealand mainland ( The insect and arachnid fauna A total of 150 insects from 12 orders and 20 arachnids (three Pseudoscorpionidea, 16 Araneae and one Acanna) is recorded from the Antipodes Islands The ectoparasitic Phthiraptera and Siphonaptera account for 31% (47 species) of the insect fauna This reflects the high diversity and density of their bird hosts on the islands (although one siphonapteran is parasitic on mice) The most diverse order is the Phthiraptera with 40 species Among the free-living insects, however, the Diptera (32 species), Coleoptera (25 species) and Lepidoptera (Gressitt 1964; Young 1995) , 164 terrestrial invertebrates are known from Macquarie Island including two spiders, 88 mites and 31 insects (Greenslade 1990) ; and 250 invertebrate species from the Snares Islands including 132 insects (Young 1995) .
Ten percent of the arachnid fauna (two of 21 species), 13% of the total insect fauna (20 of 150) and 18% of the free-living insect fauna (19 of 103) are endemic to the Antipodes Islands. Gressitt (1964) found 47% of the 300 described land arthropods from Campbell Island as endemic. This was an overestimate, however, since more recent studies (e.g., Harrison 1976; Patrick 1994) have shown that many of these species are more widely distributed. Thirty two percent of the Bounty Islands terrestrial insects are endemic (J. W. M. Marris, unpubl. data). Greenslade (1990) Mclntosh (1996) recorded up to 117 catches/100 trap nights in November 1995. Mclntosh (1996) found mouse numbers to be highest around a penguin colony and lowest on Mt Galloway.
The invertebrate collecting on Bollons Island during the 1995 expedition allows a comparison between mouse-free Bollons Island and Antipodes Island, and so provides a unique opportunity to examine the impact of predation by mice on the invertebrate fauna of Antipodes Island. The evidence collected strongly suggests that mice have had, and continue to have, a major impact on both the abundance and faunal composition of the Antipodes Island invertebrates.
The extinction of two species on Antipodes Island may be due to mouse predation. Live specimens of Loxomerus n. sp. have been collected only from Bollons Island, where it is relatively common. Dead remains of this species were collected from dry rock of volcanic spatter cones on Antipodes Island by P. M. Johns (pers. comm. 1999 ) during the 1969 University of Canterbury expedition, but no live specimens were found. It is likely, given the level of collecting over the years, that this species is either extinct or survives at very low densities on Antipodes Island. The most likely reason for this is predation by mice. Insect remains can exist in good condition for decades, given dry conditions (Worthy & Holdaway 1996) , and it is possible that the Loxomerus n. sp. remains collected by Johns date back to when mouse density was lower than present, or even to when mice were absent from the island. Similarly, the unidentified weta species (discussed above) has been seen only on Bollons Island. Again, the most likely scenario is that this species has been exterminated or reduced to a very low density on Antipodes Island by mouse predation. Crafford and Scholtz (1987) hypothesised that mice caused the extinction of the moth Pringleophaga kerguelensis Enderlein on subantarctic Marion Island. More extensive surveying of Bollons Island, and surveys of other islands in the Antipodes group, may reveal further taxa not represented on Antipodes Island. It may also clarify whether the absence of representatives of some beetle families, such as Byrrhidae, and the paucity of Curculionidae, are natural or induced by mouse predation on Antipodes Island.
Evidence also suggests that mice have a severe impact on the abundance of many arthropods on Antipodes Island. Table 3 compares numbers of the larger (i.e., length > 4 mm) beetle species collected on Antipodes (over a period of 26 days) and mouse-free Bollons Islands (during a 7 h visit). Differences in abundance between Bollons Island and Antipodes Island are dramatic. In most cases significantly more specimens were collected from Bollons Island in seven hours than from Antipodes Island in 26 days. For example, the tenebrionid Pseudhelops clandestinus was the most commonly collected beetle on Bollons Island (53 specimens) but only five specimens were found on Antipodes Island, all from one rock outcrop. Two beetle species collected from Bollons Island, Loxomerus n. sp. (19 specimens) and Tormissus guanicola (8 specimens), were not found on Antipodes Island at all. In contrast, the carabid Kenodactylus audouini was found more commonly on Antipodes Island. However, this is predominantly an intertidal to littoral species, found on rocky shores or wave-exposed rock habitats, which are either not present, or were not collected from, on Bollons Island. The tenebrionid Pseudhelops antipodensis was not collected on Bollons Island, but this species has rarely been collected on Antipodes Island, and then only from a single rock outcrop. Appropriate habitat for this species may not have been searched on Bollons Island.
Differences in beetle distribution and abundance over Antipodes Island may also be explained by corresponding differences in mouse abundance. Kuschel (1971) found the weevil Gromilus insularis antipodarum to be virtually absent below 100 m altitude, though extremely common from about 250 m upwards to the tops. Similarly, a high proportion (8 out of 19) of this species collected during the 1995 expedition was from the summit of Mt Galloway (altitude 366 m). This distribution pattern correlates well with differences in mouse abundance and (by implication) predation pressure. Mclntosh (1996) found the lowest density of mice (9 catches/100 trap nights) at the summit of Mt Galloway, and showed a trend towards reduced abundance with increasing altitude. The restricted distribution of the two tenebrionid species, Pseudhelops antipodensis and P. clandestinus, which have been collected only from a single rock outcrop on the Central Plateau at 300 m altitude, may also be a result of reduced mouse predation pressure with altitude. This is supported by the collection of dead remains of both species from a rock outcrop on the North Plains near Stella Bay at about 80 m altitude, which shows that these species were previously more widespread on the island. Antipodes and Bollons Islands are apparently similar in age, geology, climate and vegetation. It is, therefore, difficult to explain the differences in the composition and abundance of the beetle fauna by anything other than mouse predation on Antipodes Island.
Other invertebrate groups, such as Lepidoptera and Diptera, spiders and terrestrial snails, are likely to be similarly affected by mouse predation. Copson (1986) found that invertebrates formed the main part of mouse diet on Macquarie Island, with spiders and moth larvae most common. Gleeson and van Rensburg (1982) found mice on Marion Island to be largely insectivorous. Larvae of the moth Pringleophaga marioni Viette predominated in their diet, although spiders and adult, larval and pupal stages of weevils were also common. Crafford and Scholtz (1987) attributed differences in the biomass of weevil and moth larvae between neighbouring Marion and Prince Edward Islands to predation by the mice on Marion Island.
Indirect effects of mouse predation on invertebrates may also have an impact on the Antipodes Island ecosystem. Crafford (1990) found that mice on Marion Island indirectly affected decomposition and nutrient mineralisation processes through their removal of a large proportion of the population of the detritivorous moth Pringleophaga marioni, and the same may apply on Antipodes Island. Mice may also compete with insectivorous land birds such as the endemic Antipodes Island snipe (Coenocorypha aucklandica meinertzhagenae Rothschild) for insect and other invertebrate prey.
CONCLUSIONS
The Antipodes Islands have a small beetle fauna, reflecting the islands' small size, high latitude and young age. A high level of endemism is evident, despite the relative youth of the islands. The fauna is clearly of New Zealand origin and is most strongly allied to the New Zealand subantarctic islands, particularly the Auckland, Bounty and Campbell Islands.
Like the beetle fauna, the Antipodes Islands' insect and arachnid fauna is small and exhibits a high level of endemism.
There has been extensive collecting on Antipodes Island, and knowledge of the arthropod fauna there is probably fairly complete. Collections made from the brief visit to Bollons Island indicate, however, that further survey work on the mouse-free, outer islands is likely to reveal additional species records for the Antipodes group.
Young (1995) considerd that, despite the presence of mice, the islands remain largely pristine and that they have no urgent restoration needs. This study challenges that view. Strong anecdotal evidence suggests that mice on Antipodes Island are having a marked detrimental effect on the diversity and abundance of the invertebrate fauna. Two species have probably been exterminated by mouse predation and at least two others may be on the brink of extinction. Indirect effects of mouse predation may have implications for the functioning of the island's terrestrial ecosystem. More extensive surveying of the invertebrate fauna of Bollons Island and other offshore islands, as discussed above, is needed to determine the full extent of the impact of mice. Eradication of mice should be seriously considered if an appropriate procedure can be developed. Currently, the largest island from which mice have been eradicated is Enderby Island, in the Auckland Islands group (Department of Conservation, unpubl. data from the Island Eradication Database). Enderby Island, at 710 ha, is about one third the area of Antipodes Island. 
